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Abstract 

Plasma x-tocopherol, ascorbate, retinol, uric acid, and lipid peroxides were investigated its 
39 mule smokers and 64 male non-smokers. The average level of plasma a -tocopherol of 
3S-45-year-old smokers <1.74 + 0.49 pg/mg total lipid) was significantly lower than that of 
age-matched non-smokers [2-55 ±0,88 pg/tng total lipid, /"“> 0.032). Similarly, the plasma 
*-tocopherol of smokers aged above 45 (1,66 ± 0,29 pgfmg total lipid) was lower than that 
of the age-matched notp-smokets (2.3s+|,26 pg/mg total lipid. T — 0.014). However, no 
difference in plasma level of o+ocophero! was found between smelters and non-smokers 
below the age of 35. The average concentration of ascorbate in plasma was significantly 
decreased only in those smokers older than 45 (0.33 ±0,16 mg/dl vs iron-smokers 0.53 ±0,19 
mg/dl, Pe- O.OOJ). The average level of lipid peroxides (measured as rcwlondialdehyde. 
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MDA) in the plasma of smokers (2.77 ±0.51 nmol/ml) was higher than that of non- 
smokers (1.15 + 0,21 nmoliml) aged iibtivi: 45 (f*=0.054). No differences in the plasma 
levels of uric acid and retinol were noted between smokers and non-smokers in all age 
groups. Using jmrii:il correlation analysis under age control. Imntd that the plasma 
lev.:, of x-locoplicroL was negatively correlated with the plasma level of MDA (r= — 
0.S2J. /‘ = tl.05Bk In contrast, the plasma level of ascorbate was only weakly correlated 
with the plasma level of MDA tr — —( 1 . 541 , >' — U.044)- Moreover, we found a negative 
corrdaliot* between the plasma level of i ■tocopherol and smoking index (/•= —0.414. 
S'- D.OOfil under age oonirol. but there was no correlation between plaspur level o*' 
ascorbate anil smoking index (r™ 11.221. 14J), These results indicate th-Jl adequate 

levels of *-ti>eophcri>l and ascorbate may protect the plasma from oxidative damage 
elicited by smokinB-mcdiuled re active oxygen species (HUS l and free radicals in young 
smokers. However, the antioxidant activities ttf u-lOL-cipheml and ascorbate may be over¬ 
whelmed by the long-standing oxidative stress elicited by cigarette smoking in elderly 
subjects. O 1998 Elsevier Science Ireland Ud. All rigilts reserved. 

Kcnrurrit: Smoking; Aging; a-Tncophcrol: Retinol; Ascorbate; Uric licit],' Lipid peroxida¬ 
tion 


I, Introduction 

Pryor and SLOite [I] reported that gas-phuse cigarette smoke contains 1 x 1(V' 
organic radicals per puff, which arc primarily of the alkyl, alkoxyl. mid peroxyl 
types. These chemically reactive species are known to be present or formed in 
cigarette smoke which may lend Lo the modification of biological rnacromolccuks 
12]- The relatively high levels of these free radicals in cigarette smoke can deplete 
antioxidants and initiate peroxidation or unsauirated fatty acids and modification 
of proteins and nucleic acids in biological systems [3.4J. Aside from smoke-borne 
organic radicals, cigarette smoking cun also induce endogenous production of 
reactive oxygen species (ROS) including superoxidc anions, hydrogen peroxide, 
and hydroxyl radicals, and thereby increases intracellular oxidative stress in vari¬ 
ous (issues. 

u-Tocopherol. Ascorbate, retinol, and uric acid arc four important small- 
moleeubir-tvtjigllt antioxidants involved in the defense of (issue cells against dam¬ 
age induced by smoking-mediated ROS and free radicals. x-Tocophcrol is a 
fat-soluble nutritional factor, and can trap organic free radicals and protect 
proteins and lipids in biological membranes from oxidative damage [5,6], Ascor¬ 
bate is a water-soluble vitamin able to act us u strong reducing agent, which is 
required for detoxification of various xcnobioties-dcrived organic radicals in vivo. 
Frei et til. [7] demonstrated that ascorbate U the most effective water-soluble 
antioxidant in human blood plasma and suggested that ascorbate is one of Ihc 
major physiological antioxidants essential for the protection of the human 
against chronic diseases and degenerative disorders caused by oxidative stress, lit 
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addition, ascorbate is an effective scavenger of aqueous peroxyl radicals in 
plasma and normally provides a significant health benefit ax a certain concentra¬ 
tion range [3], Ascorbate has also been shown to be an anti-carcinogen in 
rodents treated with bertzo[u)pyrene and nitrite, which are the major toxic com¬ 
pounds in tobacco smoke {Tj. Therefore, a-tocopherol end ascorbate play impor¬ 
tant roles in the defense against the toxicity of ROS and xenobiotics. Ln addition 
to ascorbate and a-tocopherol, uric acid and retinol have also been demon¬ 
strated to be potent antioxidants [8,9], Uric acid is a powerful scavenger of 
singlet oxygen, peroxyl radicals, and hydroxyl radicals, which suggests that uric 
add may function as an antioxidant in vivo [8]. Retinol supplementation to 
3mnk±-exposed raw was found to increase the resistance of the rats to lipid 
peroxidation and increase the activities of free radical scavenging enzymes [9]. 

Most of the smoking-mediated free radicals and ROS are converted to ulti¬ 
mate prooxidams in Lhc lung and blood circulation. Therefore, these smoking- 
mediated free radicals may cause alterations of the levels of the aforementioned 
four small-molccular-woght anlioxidams before they react with negatively 
charged centers in the intracellular macroniolecules. such as nuclear DNA or 
mitochondrial DNA (mtDNA) of the target tissues. In previous studies, we 
found significant alterations in the concentrations of blood thiol-group-related 
antioxidants and accumulation of mtDNA mutations in the hair follicles of 
aging smokers [10.Jl], Thus, we have further investigated whether alterations in 
the levels of the small-molecular-weight antioxidants in blood circulation are 
involved in smoking-induced increases of oxidative stress and oxidative damage 
in the human. 


2. Materials and methods 

2.1 Subjects and biochemical analysis 

A total of 103 healthy males including 64 non-smokers and 39 smokers, who 
had no systemic diseases and did not take vitamin supplements, were recruited in 
this study through a special clinic in K.uang Tien General Hospital, Taichung, 
Taiwan. Ex-smokers or subjects with discontinuous smoking were excluded from 
both the smokers’ group and the non-smokers’ group. The smoking index was 
defined as the number of cigarettes smoked per day * years of smoking- Blood 
samples were taken with consent from each of the study subjects in the morning 
after overnight fasting before any medication or smoking. From each subject it) 
ml of whole blood was withdrawn from an antccubital vein and transferred to a 
heparin-containing blood sampling lube. Plasma was immediately collected by 
centrifugation and divided into several aliquots and stored at — 80“C in metai- 
frec plastic tubes. The concentrations of the small-molecular-weight antioxidants 
and lipid peroxides in the plasma were determined within 3 days, but the con¬ 
centration of ascorbate was determined within 24 h. The general data of the 
study subjects arc summarized in Table t. 
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Table 1 

General date of the male non-smokers and jmulers ip different age groups 



Ap<!5 



lis AgtsU 



Age a 45 




Non-smokers” 
<«- 19J 

Smokers 

P-value 

Non-smoker* 
In = 18) 

Smokers 

lu-21) 

P value 

Non-smoker* 
(it- 14) 

Smoker* 

(n » 10| 

P value 

Age 

30 + 4.6 

13 ±1.9 

0.078” 

40 ±2,9 

42 ±2.2 

0.052* 

53 ±7.9 

59 ±9.3 

0.238* 

BMP’ 

BdU.J 

25 ±2.5 

0.203” 

24 ±1.4 

24 ± 1.2 

0.486' 

25 ±3.0 

23 ±3.0 

0.174* 

Fruiti (U'fdity) 

2,5 ± IJ 

2.5 ±2.4 

0.561* 

2.8 ± 1.0 

2.0 ±1.8 

6.072* 

It ±2.5 

2.8 ±U 

0.&82* 

Leafy vegeta¬ 
bles (LP/day) 

2.0 + 0.9 

1.6±0.S 

0.098'-' 

2.0 ±U 

1.1 ±0.9 

0.«M** 

2.0 ± 1.8 

1.8±U 

0.907* 

Ptaiina total 
lipid (mg/dl) 
Smoking 
index* 1 

397 ± 105 

0 

4» ± 111 

13*4 170 

0116* 

380 ±95 

0 

443 ± 81 

4J7 ± 249 

0.036** 

530 ±259 

0 

447 ±117 

473 + 116 

0.815* 


•* Arithmetic mean ± S.D, 

I Body mass index. 

v Unit defined by ihe Taiwan Provincial Sanitary Station of lit Republic of Chirm 

II Number of dgaretlex amoJted per day x yean Of smoking. 

* Comparison by Mann -Whitney V lest (2-tailed;. 

* P <0.05 
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2.2. Determination of plasma levels of z-iaeopherol and retinol 

The a-locopherol and retinol concentrations ip blood plasma were determined 
using a procedure modified from that described by Caiignani and Bieri [12], An 
aliquot of 50 pi of internal standards (1,2 mg/1 rctinyl acetate and 32.5 tng/l 
a-locopluzfyl acetate in ethanol) and 100 pi of plasma was mixed by vonexing for 
I min. For extraction of lipid, 200 pi HPLC-giade «-hexane was added and mixed 
for another 1 min. The organic phase was separated frprn the aqueous phase by 
centrifugation at 800 x g for 2 min. The upper n-hexane layer was withdrawn and 
evaporated under a stream of nitrogen. The residue was re-dissolved in 50 pi of 
HPLC-grade methanol and an aliquot of 20 pi was injected into an HPLC system 
for chromatographic analysis of retinol and a-tocopherol at ambient temperatufe- 
The HPLC system consisted of an L-620OA intelligent pump, an L-4200 UV-visible 
detector, a model D-6000 interface, and an LC organizer (Hitachi, Tokyo, Japan!. 
The sample Was chromatographed on a /iBondapak C,„ column (3.9 mm * 30 cm 
stainless steel), which had been connected to a guard column of 3 x 22 mm that was 
also packed with (he ^Bondapak C lh matrix. The ^-tocopherol and retinol in the 
cluate were respectively monitored with a UV detector set at the wavelength of 290 
nm and a sensitivity of 0.01 absorbance unit full scale. The mobile phase was 98% 
HPLC-gradc methanol, and the Bow rate was 1.2 ml/tnin. Peak area ratios of the 
samples were convened to ftg ^-tocopherol and jig retinol by using the standard 
curves constructed with the aforementioned internal standards, respectively. Total 
plasma lipid concentration wag determined and used to adjust the value of 
ar-tocopherol [13], which is thus expressed as ,ug/mg total lipid. 

2.3- Determination of plasma levels of ascorbate 

The concentration of plasma ascorbate was measured by a method described by 
Kyaw et al, (I4J. To 0.5 ml of fresh plasma in a centrifuge tube, we slowly added 
1,0 ml of the color reagent containing 0.3 mM sodium tungstate, 1.2 mM disodium 
hydrogen phosphate and concentrated sulfuric acid. After thoroughly and slowly 
mixing, the mixture was allowed to stand for 30 min at room temperature, and then 
centrifuged at 1000 x g for 15 min. The blue-colored supernatant was transferred to 
another test tube with a Pasteur pipette without disturbing the precipitate. Ab¬ 
sorbance at 700 run was read against a reagent blank. For every set of experiments, 
a standard and a blank were run in parallel throughout the procedure. Plasma level 
of ascorbate is expressed as mg/dl. 

2.4. Determination of plasma level of uric acid 

A commercial kit (Sigma, Dorset, England) was used to determine the concentration 
oT uric acid in the plasma. Briefly, uncase catalyzes the oxidation of uric acid to gener¬ 
ate allantoin, CO s and H 2 0 ? . In the presence of peroxidase, 4-aminoantipyrinc 
and 3.5-dichlcro-2'-2'-hydroxy benzencsulfonate, H-O, induces the formation of a 
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qumpnetmine complex with ait absorbance maximum at S20 nm. The intensity of 
the pink color of the product is proportional to the concentration of uric acid in the 
plasma sample. The concentration of uric acid is expressed as mg/d!. 


2.5. Measurement of plasma level of lipid peroxides 

The concentration of lipid peroxides in blood plasma was measured as malondi'- 
ttldchyde (MDA) using a method modified from the protocol described by Dousseet 
et al. [15]. Blood was withdrawn into a heparinized tube containing 10 pi of 2 mM 
butylated hydroxy toluene, and the blood sample was immediately centrifuged to 
obtain plasma An aliquot of 20 jil plasma was mixed with 2 ml of 0.1 N HC1, 0.3 
ml of 10% phosphotungstic acid, and 1 ml of 0.7% thiobarbituric acid (TBa). The 
mixture was heated Tor 60 min in boiling water, followed by extraction of the 
MPA-TBA adduct with S ml 1-butanol. After centrifugation, the fluorescence 
intensity of the MDA-TBA complex in the 1-butanol layer was quickly measured in 
a fluorescence spectrophotometer using the excitation wavelength of 525 nm and 
emission wavelength of 550 nm. The concentration of lipid peroxides in the plasma 
is expressed us nmol MDA/ml. A calibration curve was constructed for each run by 
using 1,1,3,3-ietraethcxypropane as the standard. 

2.6. Statistical analysis 

Mann- Whkney V test and multivariate ANOVA analysis were applied in the 
analysis of data with non-normal and normal distributions, respectively. Partial 
correlation analysis was also applied in the search for a causal relationship between 
two parameters under age control, All statistical analyses were performed using the 
SPSS statistical package. The difference between two measured parameters with a 
P-value smaller than 0.05 is considered significant. 


3, Results 

There were no differences in age, body mass index (BMl), total plasma lipid, or 
dietary intake of fruits and vegetables between smokers and non-smokers in all 
three age groups (Table 1). However, a significant increase in plasma lipid and a 
decrease in dietary intake of vegetables were noted in smokers aged 35-45 years. As 
shown in Table 2 , there were no significant differences in the plasma levels of 
sr-locopherol/iolal lipid and ascorbate between smokers and non-smokers below the 
age of 35. However, the average level of plasma a!-tocopherol of smokers (1.74 ± 
0.49 pg/mg total lipid) was significantly lower than that of non-smokers (2.55 + 
0.B8 pg/mg total lipid, P « 0.032) in the 35-45-yeur-old age group. Similarly, the 
plasma a-tocopherol of smokers aged above 45 (1.66 ±0,29 ;ig/mg total lipid) was 
lower than that of the age-matched non-smokers (2.38 ± 1,26 /ig/mg total lipid, 
P = 0,014). 
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A significantly lower kvei of plasma ascorbate was only observed in smokers 
older than 45 (0.33+0.16 mg/dl vs non-smokers 0.53 ±0.19 mg/dl. P = 0.003) 
(Table 2). On the other hand, the average level of plasma MDA of smokers 
<2,77 +0.51 nmol/ml) was significantly higher than ihai of non-smokers (2.35 + 
0,2! nmol/ml, P — 0.034) aged above 45 (Table 2). However, we found no differ¬ 
ence in plasma MDA between smokers and non-smokers aged below 45. 

Plasma levels of uric acid and retinol of smokers in all three age groups were not 
different from those of the age-matched non-smokers (Table 2). By partial correla¬ 
tion analyses of the measured parameters under age control, we found that the 
plasma level of a tocopherol was significantly correlated in a negative manner with 
the level of plasma MDA (r — — 0.523, P 0.038) of all the study subjects (Fig. I). 
Moreover, the plasma level of ascorbate Was negatively correlated, although 
without statistical significance, with the level of plasma MDA (r = -0.341, P = 
0.094) of all the study subjects (Fig. 2)- In contrast, the plasma level of uric acid 
exhibited no significant correlation with the level of plasma MDA 0-*= -0.132, 
P * 0.348). 


Table 2 

Tile concentrations 0 >r imall-nuilcciilaC-weigtil anlioxkl&nts and lipid peroxide* in the plasma of male 
sittukCK and tion-rtooker* in different ap; group* 




Non-snkofcer' 

Smoke*' 

/■-value 

Age <35 

l -Tocopherol (pg/mg total lipid) 

a- 19 

1,64 ± 0.39 

tt= 16 

1.55* 0.43 

0.544“ 


Rminol (>ig/tnl) 

0.47*0.11 

0 -43 ±0.13 

0.462" 


AacbrlMte (mg/dl) 

0.49 ± 0.1) 

044 + 0.32 

0.497k 


Uric arid (mg/dl) 

5.29*1.91 

6.90 * 1.46 

0.098" 


Malondwldehyde (nmol/m!) 

2.40 + 0.30 

2.53 + 0.29 

11-238" 

35S Agcs45 

i-Tocopheral total lipid) 

2-55 ± 0,88 

Jim 31 
1.74±0.49l 

0.032= • 


Reiinol (pg/ml) 

0.42 ±0.1S 

O.aa ± o. 13 

0+73* 


Ajcurt«ie (mg/dl) 

0+1 ±0.13 

0,45 ±0,2* 

0.13T 1 


Uric acid (mg/dl) 

6.55 ± 3-03 

5,88 ±0.92 

0JSS8 1, 


Makmduldehyde (nmol/ml) 

2.36 ± 04J> 

233 ±0,JO 

0.704" 

Age >45 

a-Tocopturol (jig/iog tout lipid) 

14 

2.38*1.26 

a™ 10 

1.6b ±0291 

0.0)+' 


Ret mo? Og/ml) 

0,40 ±0.17 

0.«S±0,IJ 

0.341- 


Ascorbate (mg/dl) 

0.53*0.19 

<U3 ±0.161 

0.003"* 


Uric acid (mg/dl) 

4.99 ±1.2) 

5.39+1.12 

0.477" 


MaU>n4ia|dchydc (Dipd/ml) 

2.35 ±0.21 

2,77±a.S!I 

0.034** 


‘ Arjlfimciic mean ±$.D. 

* Corrtpahson try Mann-Whitney V ic«l (2-*ail<?d) r 

''Comparison by the multivariate aNOV^ aiui control with loiaJ plasma lipid and dietary iplak c of 
Vki£«iL*ble<L 

*^< 0 . 05 . 

1 Significant increase. 
i Significant decrease. 
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Fig. I. Plasma level of rmriondialdchydc is negatively rondeicd with the level or plasma e-thcaphcfol. 
There are 103 dala sets from .19 male smoltars anti 54 mala non-smokers in the stallcrtd f>l6t. The 
p.vqluo was calculated by partial correlation analysis tinder control, r. sample cottclution coefficient, 


Partial correlation analysis of the plasma levels of the four small-molecular- 
weight antioxidants and the smoking index revealed a negative correlation between 
the plasma level of s -tocopherol and smoking Index (r= - 0 , 414 , f = Q.ood) under 
age control (Fig. 3). However, the correlation between the plasma level of ascorbate 
and smoking index was not statistically significant (r = —0.221, P= 0.193). There 
wys no correlation at all between smoking index and the plasma levels of retinol or 
uric acid. 


4. Discussion 

Cigarette smoke contains large amounts of proOxidanU and may induce the 
generation of ROS and free radicals in tissue cells. These smoke-induced reactive 
substances cause a depletion of extra- and intra-cellular antioxidants and may elicit 
oxidative damage to various cellular macromolecules. As reported by Pachl et al. 
[l 6]. * -tocopherol level in the alveolar fluid of smokers is significantly lower than in 
non-smokers. Therefore, a. -tocopherol supplementation is probably valuable for the 
protection of lower respiratory tract against smoking-associated oxidative damage 
[17], However, Marangon et al. fIS) reported that smoking did not exert significant 
effect on the serum concentration of xTocopherol. In addition. Pons et al. [19] 
found that the level of plasma ascorbate was decreased in male smokers. Moreover, 
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ascorbate in urinary excretion was also found be decreased in smokers [20]. 
Albancsq et af. [21] showed lhai the concentration of ascorbate in the plasma and 
the number of leukocytes or smokers were reduced by 28% and 34%, respectively, 
as compared with non-smokers. 

In this study, wc did not find significant changes in the plasma levels or 
a -tocopherol/total lipid, ascorbate, and lipid peroxides in smokers younger than 35. 
But this is not the case in smokers older than 35 (Table 2). Although it-tocopherol 
and ascorbate can be obtained from the diet or vitamin supplements, the plasma 
levels of the two antioxidants are maintained, at lease to some extent, by the 
endogenous regeneration systems. Regeneration of ascorbate by uric acid and of 
a-tocopherol by ascorbate take place in the lag phase of oxidation of human 
plasma [22]. However, this regeneration in the biological setting needs to be further 
coupled to non-radical reducing systems such as reduced glutathione (GSH>oxi- 
dized glutathione (GSSG). dihydrolipoate-lipoate, NADPH-NADP + , and NADH- 
NAD + [23], 

Our findings indicate that the activities and capacities of these antioxidants-re- 
gcneralion systems in young smokers are sufficient for the effective disposal of ROS 
and free radicals generated in smoke. This explanation is supported by our previous 
study which showed that young smokers, but not aged smokers, had significantly 
higher levels of blood glutathione [10). As age increases, the activity of such 
regeneration systems may be decreased causing the depletion of plasma cr-toco- 
pherol and ascorbate in elderly smokers. 



Fig. 2. Plasma level °r malonrildehyde is negatively correlated with plasma ascorbate concentration. 
There are 103 daia seta fVom 39 male smokers and 64 male non-smeicrs in the scattered plot The 
P-value wa? calculated by partial correlation analysis under age control, r, sample correlation coefficient. 
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Fig. i. Negative correlation hoEweva plasma level of a-locopherol and smaking index. There are 101 
data acts from .19 mule smokers and 64 male non-smokers in the scattered plot Smoking index is defined 
as the number of cigarettes smoked per dny * years of smoking. The P-value was cateulaied by partial 
correlation analysis under ttgc control, r. sample correlation coefficient. 

In this study, we found that between 35 and 45 years or age smokers experience 
a significant reduction of plasma a-tocopherol and ascorbate upon cigarette smok¬ 
ing. Moreover, wc noted a significant increase in the plasma level of sr-tocopherol 
of non-smokers between 35 and 45 years of age, but the elevation was not sustained 
in smokers especially when their ages reached above 45 (Tabic 2). This phenomenon 
of age-dependent elevation of plasma »-tocopherol is very unlikely to be caused 
solely by an increased regeneration of a-tocopherol in non -smokers. We tend to 
believe that depletion of plasma a-tocopherol in aging smokers is due to boih 
increased consumption and decreased absorption/regeneration of ^-tocopherol in 
the human body as a whole. In contrast, a compensatory induction (due to an 
cvci -increasing need) of higher -r-tocopherol absorption and regeneration and other 
factors including decreased physical activity and increased intake of antioxidants 
may be all involved in the age-dependent increase of plasma level of a-tocopherol 
in non-smokers. , 

Retinol plays an important role in growth, proliferation and differentiation of 
epithelial cells, and maintenance of normal visual and reproductive functions of the 
human [23], Helen and Vijayantmal [9] reported that lipid peroxidation induced by 

cigarette smoke can be prevented by supplementation of Smokers with TCtinol via its 
antioxidant activity. Nevertheless, they failed to show that there is a significant 
decline or retinol in the plasma of smokers. In this study, we did not Gnd any 
difference in the plasma levels of retinol between smokers and non-smokers. This 
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may indicate that retinol is not a mam antioxidant involved in the relief of 
smoking-elicited oxidative stress. Eiscrich et al. [24J reported that exposure of blood 
plasma, a model for respiratory tract lining fluids, to gas-phase cigarette smoke 
causes depletion of uric acid and glutathione. However, we did not find any 
reduction in plasma level of uric add in smokers examined in this study. Hus may 
suggest that uric acid is continuously generated in the human body from the 
metabolism of purine-containing food, and thereby minimizes the difference in 
plasma level of uric acid between smokers and non-smokers. 

Smoking-elicited oxidative stress may enhance lipid peroxidation through ihe 
attack of membrane lipids by ROS and organic free radicals, U is thus not 
surprising to find that aging smokers have increased levels of lipid peroxides in 
plasma, which may be due to an age-dependent decline in the activity and capacity 
of free radical scavengers and antioxidants in the blood circulation. Id this study, 
we found that the smoking-mduced decrease in the levels of plasma ascorbate and 
ot-loccplierol was correlated with the increase of plasma level of MDA in both 
smokers and non-smokers. However, only the plasma level of a-tocopherol was 
found to significantly correlate, in a negative manner, with the smoking index (Fig. 
3). This finding may suggest that a -tocopherol is the major lipid-soluble chain¬ 
breaking antioxidant in smokers, which prevents plasma lipids from oxidative 
damage caused by smoking-generated ROS and free radicals. 

In conclusion, our findings suggest that adequate levels of a-tocopherol and 
ascorbate provide antioxidant protection of the plasma of smokers from oxidative 
damage by smoking-mediated ROS and free radicals in young smokers. However, 
the antioxidant defense system fdrfhcd by the Coordinated action erf ar-tocopherol 
and ascorbate or glutathione is probably overwhelmed in elderly smokers by the 
long-standing oxidative stress elicited by cigarette smoking. 
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